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Abstract.

We consider optimal cooperation in transboundary air pollution abatement among several countries under incomplete information. T h e
countries negotiate on establishing a gradual cooperative emission reduction
program to reduce the damages caused by sulphur depositions. L o c a l information available on the marginal emission abatement costs and damage costs
allows one to determine directions of emission abatement in each country that
converge to an economic o p t i m u m . A particular difficulty arising here is how
the partners can guarantee that the costs and benefits from cooperation will
be shared in such a way that none of them will be tempted to breach the
agreement. To overcome this problem we make use of a cost sharing scheme
proposed by Chander and Tulkens (1991), that results from appropriately
designed international transfers. This scheme guarantees that the i n d i v i d u a l
costs of a l l parties are nonincreasing along the path towards the o p t i m u m ,
and that no party or group of parties has an interest in proposing another
abatement policy. T h e paper illustrates these methods by a p p l y i n g t h e m to
a three-country version of Maler's (1989) "acid rain game", tailored to numerically simulate the negotiations on sulphur emissions abatement between
F i n l a n d , Russia and Estonia.
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Introduction

We consider in this paper the problem of cooperation on transboundary air pollution abatement among several countries. In contrast to the full information
approach used by Maler (1989), we use here a formulation in which the countries
have only partial information available when they negotiate on establishing cooperative emission abatement programs to reduce the damages caused by pollution,
as in Tulkens (1979). It is assumed in particular that only "local" information
is available on the emission abatement costs and on the damage costs caused by
the pollution depositions. By local information we mean the current values of the
marginal emission abatement costs and of the marginal depositions damage costs.
Such local information is sufficient to determine current emission abatement actions to be taken in each country at any time, that converge to an economic
(Pareto) optimum.
This methodology has its origin in the theory of resource allocation processes
initiated in 1960 by Arrow and Hurwicz (see Arrow and Hurwicz (1977)) and
applied later on to public goods by e.g. Dreze and de la Vallee Poussin (1971),
Malinvaud (1971) and most recently by Chander (1993).
The optimum so determined can only be a cooperative one if it guarantees the
partners that none of them will be forced to pay for environmental cooperation
more than is reasonable. To this effect, and Chander and Tulkens (1991, 1992)
have devised a cost sharing scheme, accompanied by international transfers, that
guarantees that the individual costs of all parties are nonincreasing along the path
to the cooperative optimal solution, and that no subset of them has an interest to
follow another course of action.
This paper demonstrates the applicability of these methods in a three-country
acid rain negotiation problem among Finland, Russia, and Estonia.
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Sizeable emission reductions occur in Kola and in Estonia (76.6 and 44.2 percent, respectively), and minor emission reductions are also carried out in the remaining areas (3.3-12.9 percent; for more numerical details, see Table 5 of Kaitala
and Pohjola, to appear) except in Northern Finland where no reductions are observed (see Figure 1). The main reason for the high emission reductions in Kola is
that the estimated marginal damage value of the neighboring Northern Finland is
about twenty times higher than that of the Kola region. Moreover, the marginal
emission abatement costs are lowest in Kola and highest in Northern Finland; Similarly, notable amounts of Estonian emissions are transported to St. Petersburg
and Southern Finland, whose marginal damage values are 5-7 times higher than
that of Estonia and the emission abatement costs of Estonia are lower than those
in St. Petersburg and Southern Finland.
The obvious kinks in the emission trajectories of K o l a and Estonia are due to
the corresponding kinks in their marginal emission abatement costs (see Table 3 of
Kaitala and Pohjala, to appear). The reason for the absence of emission abatement
in Northern Finland is that this area does not contribute to the depositions in any
other region. Thus, the noncooperative and cooperative emissions of that area are
equal.
Depositions are illustrated in Figure 2. Thus, the reductions in depositions
are strongest in Kola (59 %), Northern Finland (26 %), and Estonia (18 %). In
Karelia the reductions are 10 %, and in the three remaining area 6-7 %. The final
depositions in areas 1-7 stabilize at the levels 0.33, 0.54, 1.16, 0.37, 0.50, 0.95, and
1.10 S g / m respectively. Thus, from the point of view of critical loads the high
depositions in Southern Finland (1.16), St Petersburg (0.95), and Estonia (1.10)
may not be acceptable.
2

Table 6 illustrates the sensitivity of the cost sharing scheme with respect to a
change in the Estonian marginal damage. The main effect of doubling the Estonian marginal damage TTJ from 2.8 to 5.6 is that the loss suffered by Estonia at
the optimum without transfers is almost halved; Finland remains unchanged and
Russia benefits a little (compare the columns 1 in Tables 5 and 6).
The aggregate benefit, measured as the total cost reductions, increases from
688 to 717 million F I M . The difference (29 million F I M ) is divided among the
countries in such a way that each country gets a share of it, with Estonia getting
most of it. Finally, the total transfer payments are slightly reduced (from 297
to 286 million F I M ) ; the transfer payments paid by Finland are reduced, and the
relative share from as well as the absolute amount of the transfer payments received
by Estonia are both decreased.
As a whole, while an increase in the value of her marginal damage increases
Estonia's net benefit as measured by T + J, it decreases, however, the amount of
the side payment T she finally receives.
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